Abstract Montia fontana L. is an aquatic plant traditionally consumed in the Centre and West of the Iberian Peninsula, where it is one of the most highly valued wild vegetables. The aim of this work was to evaluate both the natural yield and nutritional value of this scarcely known plant. Two wild populations, from two different sites of Central Spain, were sampled during three consecutive years. Plant production was estimated by two parameters: production per unit of surface and plant percentage cover in the selected site. Nutritional analyses included proximate composition and total energy, mineral macro and microelements, vitamin C, and organic acids. Mean yield at the growing areas was 2.64 kg/m 2 , though significant differences among sites and years were found. There was a positive correlation between production and accumulated rainfall from the beginning of the year till the collecting dates. The percentage cover of the species in the potential growing area was 8.25%, without significant differences among sites and years. Therefore, the wild populations of the species can reach a total mean production of 2,138 kg/ha in this Spanish region. This is the first report of a global nutrient composition for Montia fontana. After
Introduction
Montia fontana L., known in English as blinks or water-blinks, belongs to the family Portulacaceae. It grows in clumps in damp places, frequently in water, in springs, streams, wet places among rocks and moist pastures, especially on non-calcareous soils (see Fig. 1 ). It can be found in many temperate regions throughout the world (PFAF 2011) including some European areas, but it is rare in the East and South Europe (Walters 1964) .
Nomenclature
Montia fontana L., Sp. P1.: 87 (1753) Following Paiva et al. (1986) and Paiva and Villanueva (1990) , three subspecies grow in the Iberian Peninsula: subsp. fontana, subsp. chondrosperma (Fenzl) Walters, and subsp. amporitana Sennen. The fourth subspecies recognized by Walters (1964) , the subsp. variabilis Walters, was included in subsp. amporitana by the former authors.
Common names
English: blinks, water-blinks. Spanish: corujas, borujas, morujas, pamplinas and regajos. Portuguese: morujas, merujas or merujes.
Taxonomic characters
Annual or perennial, glabrous and fleshy herb, with thin and branching stems up to 50 cm or more when it grows in water and shorter when appears in land. Small, opposite and spathulate leaves (3-20 mm). Inconspicuous flowers of 2 mm in terminal cymes, with 3 sepals, 5 white petals, 3 stamens and 3 ovules. Fruit in a globose capsule dehiscent by 3 valves and usually with 3 black, reticulated and reniform seeds.
Edible use
The young and tender stems and leaves of this plant are traditionally consumed in the regions of the Iberian Peninsula where it grows. There are many modern ethnobotanical references from Western and Central Spain. Most of them were registered in a previous review of wild edible plants in Spain (Tardío et al. 2006 ), but other later works have also included the use of this wild vegetable (ADISAC 2006; Criado et al. 2008; Díaz-Fernández et al. 2008; González et al. 2010; Velasco et al. 2010) . Ethnobotanical studies in the North of Portugal have also recorded the same use for the species (Alves Ribeiro et al. 2000; Pardo de Santayana et al. 2007 ). This is one of the most valued wild vegetables in these regions, especially in the Spanish province of Salamanca, where it is mentioned in lots of references (e.g. González et al. 2010; Velasco et al. 2010) . A recent ethnobotanical study in the North of Madrid (Aceituno-Mata 2010) found that Montia fontana was one of the most important wild vegetables and still consumed by 64% of the informants that cited its use. This percentage was higher than that of other salad wild vegetables, like Rorippa nasturtiumaquaticum (L.) Hayek (58%) or Rumex papillaris Boiss. et Reut. (39%). Despite being mentioned in some European sources (Couplan 1989; PFAF 2011) , we only have found one clear ethnobotanical reference about its traditional use in Central Europe (Jage 1979) . Following this author, at the end of the nineteenth century, water-blinks were sold in markets as a vegetable, especially in winter. In fact, several German folk names registered in Central Europe reflects its use as a salad vegetable: Flachssalat (Vosges), Winzerlsalat (Lower Bavaria), Schnippchensalat (Saxony) .
Water-blinks are always eaten raw in salads after being meticulously cleaned (e.g. Tardío et al. 2005 Tardío et al. , 2006 . These salads are prepared dressing the plants with salt, vinegar and olive oil. Other ingredients, such us garlic, olives, preserved tomatoes, dry pepper, paprika, hard-boiled eggs and tuna are sometimes added. It is consumed even nowadays, being still possible to find it in some greengrocers and even in some restaurants.
The plant must be harvested before the flowering period, prior to its nice flavour turn bitter (Díaz-Fernández et al. 2008; PFAF 2011) . Several proverbs point out this fact, stating that when you can hear the call of the Cuckoo, the water-blinks are no longer suitable to eat, because they will be surely flowered. The plants have to achieve enough size to be collected. If scarcely developed, they carry a lot of mud when they are cut and then it takes a long time to clean them (Tardío et al. 2002) . Therefore, in Spain they are collected from winter, in the milder areas, such as many places of Extremadura (Blanco and Cuadrado 2000) , to spring, in the more continental areas, such as those of Madrid and Castilla-León (e.g. Díaz-Fernán-dez et al. 2008) . Some informants report that plants collected in highlands are better than those from the lowlands. They are smaller but tastier (Blanco 1998) .
Regarding its ethnopharmacological use in the Iberian Peninsula, we only could find one reference, in Montesinho, Portugal (Carvalho 2010) . A very hot poultice of the plant fried in olive oil is applied over the bladder as a diuretic to treat difficulty urinating and pain caused by cystitis. Other external medicinal use has also been described in Scotland (Allen and Hatfield 2004) . The previously heated plant was placed on the affected area to treat suppurating sores and rheumatism.
The contribution of wild vegetables to the diet is also well documented, especially for satisfying the macro-and micronutrient needs of groups at risk, such as children, pregnant and/or lactating women, or the elderly (e.g. Flyman and Afolayan 2006; Grivetti and Ogle 2000; Ogle 2001 ). Green leafy vegetables are, in general, good sources of fibre, vitamins and minerals, as key compounds for health promotion, like recent epidemiological studies suggest (Lasheras et al. 2000) . The need for increasing the fibre consumption in Western populations for its beneficial effects, such as the regulation of the intestinal function and the prevention of colon cancer, has been recently remarked (EFSA 2010) . Related to micronutrients, the nutritional importance of vitamin C as an essential water-soluble vitamin, as well as for its antioxidant properties is well established (Phillips et al. 2010) . Also trace elements such as Cu, Mn and Zn (as cofactors of antioxidant enzymes), have an important role in the prevention of chronic diseases and also in improving the immune function. Other elements, such as Mn, Fe, Cu and Zn play a key role in the protection mechanisms by scavenging free radicals (McDermott 2000) . Organic acids are primary metabolites involved in several biochemical pathways and play an important role as photosynthetic intermediates. The profile of organic acids varies depending on the species, age of the plant and the tissue type (López-Bucio et al. 2000) . They are the responsible of the acid-sour flavour of the plant, especially due to citric and malic acids, but also to ascorbic acid (Oliveira et al. 2008 ). Oxalic acid is usually considered an anti-nutritional factor for its relation with the absorption of calcium.
To the authors' knowledge, there is a lack of information about the nutritional composition of Montia fontana. Schelstraete and Kennedy (1980) analysed the nutritional value of the close-related species Claytonia perfoliata Donn ex Wild. [synonym, Montia perfoliata (Donn ex Willd.) Howell]. This American species is consumed as a vegetable as well, eaten fresh or boiled, being known as miner's lettuce or winter purslane (Moerman 1998; Munro and Small 1997) . It is also naturalized in Central and Western Europe (Paiva and Villanueva 1990; Walters 1964) and even occasionally cultivated in the United States, South America, W and S Europe and in tropical Africa as a vegetable for raw consumption and as a pot herb (Hammer 2001) .
Another aspect that has not been sufficiently studied is the quantification of wild plant resources availability, especially for wild vegetables. Except for some commercial wild fruits (e.g. Kerns et al. 2004; Miinaa et al. 2010; Molina et al. 2011; Murray et al. 2005) , there are only a few works on wild plants yield in terms of edible biomass (e.g. Youngblood 2004) . To the authors' knowledge, though its interest as a potential crop plant has been recently mentioned (Sánchez-Monge 2001) , no studies have been carried out on the edible production of Montia fontana.
Due to the interest of this scarcely known plant, the aim of this study was to evaluate both its natural yield and nutritional value in two sites of Central Spain. On one hand, the estimation of the natural production of this plant can be very useful in order to assess the availability and sustainability of this resource. On the other hand, the knowledge of its nutritional composition may contribute to a better valorisation of this traditional resource and can aid to know its influence in the past diets and also its interest for the future.
Methodology
Study sites and harvesting dates Two wild populations of Montia fontana subsp. amporitana were selected to carry out this survey. Water-blinks grew along the stream-sides and the associated flooding areas of two localities of Central Spain ( Table 1) . As can be seen in the table, Site 1 is dryer and hotter than Site 2 that is located almost 700 m higher in the highlands of Guadarrama mountain range. The area of study of Site 1 included a stream section of 950 m length and 10-15 m width in the widest places, whereas at Site 2 comprised 1,120 m length and 1 m width with 5 m in the widest sections.
The sampling was carried out choosing the best moment of harvesting, i.e. when the plants have reached the maximum development before flowering. As shown in Table 1 , water-blinks were harvested at the end of March at Site 1. However, the plants from Site 2, almost 700 m higher and therefore colder, were developed and collected about a month later, at the end of April.
Natural production estimations
Water-blinks yield was quantified in two phases. Firstly, the production per unit of surface was evaluated and, in a second stage, the abundance of the plant in the selected site was estimated as percentage cover.
The yield of plant per unit of surface was evaluated during two or three consecutive years in the two selected sites (see Table 1 ). Since we wanted to measure the yield of the plant, we selected only the areas where the plant was present. The sample unit was a quadrat, i.e. a square frame, of 20 9 20 cm (0.04 m 2 ). The fresh usable part from 20 quadrates randomly placed into the clumps formed by the species was harvested with scissors and weighed in a field scale (see Fig. 1 ). Before weighing, a meticulous cleaning of the plant material was performed to separate other plant species that often grow in the same place, such as Stellaria alsine Grimm and Ranunculus hederaceus L. A representative fraction of these samples was selected for the nutritional analysis.
Plant abundance, expressed as the percentage cover of the species at the two study sites was evaluated through more than 20 transects of 10 9 1 m randomly located along the gathering places. According to total surface sampled in each location, we performed 20 transects at Site 1 and 30 at Site 2. The number of 20 9 20 cm quadrates occupied by the plant was counted in each transect and subsequently the percent covered area was calculated. The sampling was carried out in 2009 at both locations and also in 2008 at Site 2 to assess between year variations.
Nutritional analysis
As mentioned before, an aliquot part of the samples used for yield estimations was also evaluated for nutritional composition. Therefore, along the three years of study, five different samples were analysed, three from Site 1 (2007, 2008 and 2009) and two from Site 2 (2008 and 2009). At least 500 g of edible portion (young and tender stems with leaves) were chosen for each sample, packed in plastic bags, and transported to the laboratories in a cold system within the day. All the plants selected presented a healthy external appearance.
A part of the fresh samples was immediately homogenized in a laboratory blender. Aliquots were taken to analyze moisture, organic acids and total vitamin C, both in the form of ascorbic acid (AA) and dehydroascorbic acid (DHA). The other part of the samples were freeze-dried and kept at -20°C, in a dark, dry ambient. Analysis performed on dry samples were: total available carbohydrates (TAC), total dietary fibre, total proteins, fat content, ash and mineral elements (Na, K, Ca, Mg, Fe, Cu, Mn, Zn). Triplicate sub-samples were taken for all the analytical procedures.
Moisture content was determined by desiccation to constant weight at 100 ± 2°C (AOAC 2006). Total available carbohydrate (TAC) determination was carried out by a colorimetric method using anthrone reagent after hydrolysis with HClO 4 , as described by Osborne and Voogt (1986) . Absorbance was measured at 630 nm on a UV/Vis Spectrometer EZ210 (Perkin Elmer, Waltham, MA, USA) equipped with Lambda software PESSW version 1.2. The absorbance of the sample solution was compared to a 10-100 mg/ml concentration range standard glucose calibration curve.
Total dietary fibre was determined according to AOAC non enzymatic-gravimetric method 985.29 for total fibre (AOAC 2006). Total protein was determined from the nitrogen content obtained by the Kjeldahl method after digestion in sulfuric acid. Total nitrogen content was converted to protein content by using the conversion factor 6.25 (AOAC 2006) . Fat content was determined gravimetrically after a continuous extraction process with ethyl-ether at 120°C for 6 h using a Soxtec System HT 1043 (Tecator).
Total mineral content (ashes) was determined gravimetrically by incineration in a high pressure microwave oven (Muffle Furnace mls1200) for 24 h at 550°C, and gravimetrical quantification of the ashes obtained (method 930.05, AOAC 2006) . The residue of incineration was extracted with HCl (50% v/v) and HNO 3 (50% v/v) and made up to an appropriate volume with distilled water, where Fe, Cu, Mn and Zn were directly measured. An additional 1/10 (v/v) dilution was performed in LaCl 2 (1.8%) for Ca and Mg determination, and CsCl 2 (0.2%) for Na and K analysis. All measurements were performed in atomic absorption spectroscopy (AAS) in an Analyst 200 Perkin Elmer equipment. Ascorbic acid (AA) and organic acids were quantified by High-Performance Liquid Chromatography (HPLC) after extraction with 4.5% m-phosphoric acid (Sánchez-Mata et al. 2011 ). An aliquot of the extracts were also subjected to reduction with L-cysteine at a pH of 7, to transform the DHA in AA and analyse the total vitamin C content. The analytical equipment used was a liquid chromatographer (Micron Analítica, Madrid, Spain) equipped with an isocratic pump (model PU-II), an AS-1555 automatic injector (Jasco, Japan), a Sphereclone ODS (2) 250 9 4.60, 5 lm Phenomenex column, a UVvisible detector (Thermo Separation Specta Series UV100); and software Biocrom 2000 version 3.0. The mobile phase was 1.8 mM H 2 SO 4 (pH = 2.6). For AA analysis a flow-rate of 0.9 ml/min and UV detection at 245 nm was used, while conditions for organic acids were 215 nm UV detection and 0.4 ml/ min flow rate. Linear calibration curves were performed for quantification purposes with AA and other organic acids standards (oxalic, malic and citric acids) in m-phosphoric acid.
Statistics
Mean value ± standard error (SE) is given for all the measured parameters. Between year and between site differences in production data were statistically analysed with the non-parametric MannWhitney U test. The nutritional analyses were carried out by triplicate. The mean differences among sites and years in nutritional parameters were analysed by ANOVA, followed by Duncan's multiple range test. All the procedures were tested with a = 0.05.
Results and discussion
Natural production estimations Table 2 shows a summary of the yield parameters measured for estimating the natural production of Montia fontana at the two sites along the different seasons.
As can be seen in Table 2A , the mean yield per sampled quadrat fluctuated between 1.52 ± 0.12 kg/m 2 (60.7 ± 4.7 g/quadrat) at Site 1 in 2008 and 3.91 ± 0.29 kg/m 2 (156.2 ± 11.5 g/quadrat) at the Site 2 in 2009. Significant differences among sites and years were detected. The lowest production was found at both sites in the year 2008, coinciding with the driest spring of the study period (see Fig. 2 ). Production of Site 2 was significantly higher than that of Site 1 in the two common sampled years (2008 and 2009) , though the highest production value at Site 1 was found in 2007. Total mean value was 2.64 ± 0.13 kg/m 2 (105.6 ± 5.1 g/quadrat).
Regarding the abundance of water-blinks in the surveyed areas, Table 2B shows the percentage cover of the species in the potential growing sites. As previously mentioned, abundance studies were carried out only at Site 2 in 2008 and at both sites in 2009. As can be seen in the table, the percentage cover was 8.34% at Site 1 and 8.21% at Site 2 without significant differences among sites and years (total mean: 8.25%).
Taking into account the mean yield per quadrat and the percentage cover of the species, we calculated the production of Montia fontana in the total area surveyed (Table 2C ). Since significant differences were not found in the percentage of area covered by the species, total production in 2008 at Site 1 has been estimated with plant abundance data of 2009. As expected by the values of yield per quadrat, the production of Site 2 has been significantly higher than that of Site 1 in the two common sampled years. Overall, a total mean production of 2,138 ± 95 kg/ha (0.21 ± 0.01 kg/m 2 ) has been estimated for the species in this Spanish region. These data can be of interest for planning the sustainable harvest of waterblinks in protected areas.
Trying to explain the yield differences between sites and years of the study, the relationship among production and different meteorological data has been analysed. Meteorological conditions, particularly accumulated rainfall, seem to have positively influenced the production per quadrat, the yield parameter that better reflects between-years variance. Although with only 5 cases, a high, positive and significant correlation between the two parameters was detected (Spearman's coefficient: 0.9, P \ 0.05). Figure 2 shows the accumulated rainfall from the beginning of the year till the collecting dates and production per quadrat of Montia fontana at the two study sites along the years of study. As can be observed in the figure, the higher accumulated rainfall of Site 2 may explain the higher water-blink yield at this site in the two common sampled years. Likewise, the lower production in 2008 is surely due to the driest winter and spring of this year in both sites. The clear relation between water level and winter precipitation in Mediterranean streams is surely one of the major reasons for yield differences of this aquatic plant. These results completely agree with the popular perception about this plant which states that a rainy season (winter-spring) favours a great development of the plant whereas it hardly appears in dry periods (Díaz-Fernández et al. 2008) .
No other reference about Montia fontana production has been found in the scientific literature. Therefore, we can only compare yield estimations of water-blinks with data from other species that often grows in the same habitat, such as watercress (Rorippa nasturtium-aquaticum). Following Guiberteau (1990), production of wild watercress can reach 2.5-4.5 kg/m 2 , though this author does not mention the origin and measure conditions of these data. Assuming that these data were restricted to plant growing surface, the mean data obtained for waterblinks (2.64 kg/m 2 , see Table 2A ) are near of the lower extreme of the production range described for watercress. This was quite expectable considering the lower size of this plant.
There are, however, many references about watercress cultivation including some yield data (e.g. Fennell 2006; Guiberteau 1990; Schippers 2004 ) that could be useful for knowing the potential of waterblinks culture. Fennel (2006) documented a yield range of 7,500-10,000 kg/ha in UK, harvested about 6 times each year, and an average yield of 25,620 kg/ ha in Hawaii, with the best growth occurring during the cool, wet season from October to April. Other authors mentioned even higher yield values of up to 50,000 kg/ha (Schippers 2004) . Watercress have been also extensively cultivated hydroponically in New Zealand, i.e., growing plants in water without soil using mineral nutrient solutions (Fennell 2006) . There is also the chance of combining hydroponics and aquaculture in an established methodology referred to as aquaponics, a symbiotic system in which nitrogen waste from fish metabolites provides needed nutrients to the vegetable crop. The use of watercress in an aquaponic production system utilizing brook trout aquaculture effluent has been successfully proved in the US (Smith 2007 ). In our opinion, all these methods might also be adapted and employed with water-blinks. In fact, some hydroponic experiences have been done with the related species Portulaca oleracea L. (Fontana et al. 2006; Palaniswamy et al. 2002) . Table 3 shows the proximate composition, mineral elements, vitamin C and organic acids levels found in the edible parts of Montia fontana. As can be seen in this table, wide variations were found among some measured parameters between years and sites. These variations are probably due to environmental factors and justify the importance of studying to what extent micronutrient contents of wild vegetable species varies according to geographical location, agricultural practices and climate, as stated by Flyman and Afolayan (2006) .
Nutritional value
Moisture was very stable among sites and years, and can be included within the range of most wild vegetables (Guil-Guerrero et al. 1997) . Comparing with data of Souci et al. (2008) , the mean moisture value obtained for Montia fontana (89.6%) was higher than that of Urtica dioica L. (83.3%) but lower than that of Cichorium intybus L. (94.1%). These values were also similar to those described of Claytonia perfoliata (92.4%, Schelstraete and Kennedy 1980) . The fact that Montia fontana lives in very wet habitats, does not seem to have an influence in a higher internal water content of the plant.
Protein content (1.76%) was also a rather stable parameter and, following Souci et al. (2008) , comparable to data of other wild leafy vegetables, of the same family as Portulaca oleracea (1.48%, cited as P. sativa Haw.) or of other families, such as Cichorium intybus (1.22%) and Valerianella locusta (L.) Laterr. (1.84%, cited as V. olitoria (L.) Pollich).
Montia fontana stood out for its lipid content (1.94%), higher than other vegetables mentioned in Souci et al. (2008) , such as Rorippa nasturtiumaquaticum (cited as Nasturtium officinale R. Br.) or Valerianella locusta (0.3% and 0.36% respectively). This is one of the highest fat content values reported for wild or cultivated leafy vegetables, over the contents of Silene vulgaris (Moench) Garcke, Sonchus oleraceus L., Bryonia dioica Jacq., Chondrilla juncea L. and Lepidium sativum L. in a range of 1.2-1.5% (Morales et al. 2011b; Souci et al. 2008) . As far as we know, a higher value for lipid content has only been found in water spinach (Ipomoea aquatica Forssk.), a semi-aquatic plant native to tropics and subtropics that it is used as a leaf vegetable, being also cultivated in Southeast Asia, India and Southern China (Umar et al. 2007 ). These authors provided a lipid content value for this species of 11% in dry weight (72.83% of moisture), equivalent to 2.99% in fresh weight. Nevertheless, if considering dry weight, the mean lipid content of Montia fontana (17.51 g/100 g dw) is even higher.
Lipid content may be the main responsible for the higher energy value of this species (31.48 kcal/ 100 g), higher than the values reported by Schelstraete and Kennedy (1980) for the close related species Claytonia perfoliata (20 kcal/100 g) but similar to other vegetables such as Cichorium endivia L. (escarole), with 30 kcal/100 g. Together with moisture, energy value was one of the most stable parameters, with no statistically significant differences among years and locations.
However, available carbohydrates fluctuated significantly among the different analysed samples, ranging from 0.45 to 3.8%. The global average value (1.81 g/100 g) was higher than 0.59% described for Portulaca oleracea (Souci et al. 2008 ) but lower than 3.22% reported for Claytonia perfoliata (Schelstraete and Kennedy 1980) . After moisture, the major constituent was fibre (4.44%), much higher than many salad vegetables, such as lettuce and watercress (around 1.4% both). This content, that was also quite stable among sites and years, means that 100 g of water-blinks would provide about 25% of the requirements of fibre for adults published by the Food and Nutrition Board (Trumbo et al. 2002) . The ratio between fibre content and available carbohydrates was 2.4 as an average, as it is usual in many vegetables. This is also very interesting from a nutritional point of view, being one of the reasons why increasing the intake of plant foods is highly recommended to improve human health. Regarding mineral elements contents, high variations among years and locations were found, except for copper levels. Mineral content may be influenced by environmental conditions, as soil composition and, in the case of aquatic species, by water composition and volume of the streams where the plant lives. Despite the found variability, potassium was in higher levels than sodium (356 and 23 mg/100 g respectively), as it is common in plant foods. Montia fontana should be stood out by its content of manganese, reaching an average value of 1 mg/ 100 g, while most of the vegetables are usually in the range of 0.07-0.4 mg/100 g. There are only some exceptions as spinach (Spinacia oleracea L.) with 0.76 mg/100 g or the very high values of parsley (Petroselinum crispum [Mill.] Fuss) approaching to 3 mg/100 g.
As expected, AA and DHA, being highly soluble and labile compounds, were quite influenced by the different environmental conditions where the plants were developed. However, despite the high variability found in our samples, Montia fontana could be considered as an interesting source of vitamin C, with a total average content of 34.34 mg/100 g. Moreover, taking into account that it is always consumed raw, there are no losses of this hydrosoluble vitamin due to cooking process. Comparing with other salad vegetables (Souci et al. 2008) , its vitamin C content was higher than lettuce (13 mg/100 g) but lower than watercress (96 mg/100 g), being similar to lamb's lettuce (35 mg/100 g, Valerianella locusta) which is widely consumed nowadays in Europe. According to the Food and Nutrition Board (Trumbo et al., 2002) , a portion of 100 g of Montia fontana would provide one-third of the Recommended Daily Allowances (RDA) for male adults (90 mg/day). As can be seen in Table 3 , the predominant form of vitamin C was the reduced form, ascorbic acid (AA), contributing to about 2/3 of total vitamin C activity. This form should be preferable, due to its antioxidant properties and higher stability in biological tissues (Schaffer et al. 2005; Vardavas et al. 2006) .
Regarding organic acids, some plant species have a specific profile. In the case of Montia fontana, oxalic acid was always the major acid (see Fig. 3 ), while malic and citric acids were in variable contents.
Succinic and fumaric acid were found in some of the analysed samples in trace levels. However, as can be seen in Table 3 , a high variability was found in these parameters among sites and years. The samples from Site 1 had a lower organic acid content than the samples from Site 2, especially the sample of 2007.
Average content of oxalic acid in Montia fontana (565 mg/100 g) was similar to that found in Silybum marianum (L.) Gaertn. and Beta maritima L., in a previous study of our group (Sánchez-Mata et al. 2011 ). However, a wide variation appears among the different samples harvested. The oxalic acid content of the plants gathered at Site 2 was especially high, near 1 g/100 g in both samples. These values were even higher than the values reported by Guil et al. (1997) for Spanish wild Portulaca oleracea (0.77 g/ 100 g) but lower or in the range of other oxalates-rich plants from the genera Amaranthus, Digera, Chenopodium, Beta or Euphorbia, which may reach values of 1.4 g/100 g (Chai and Liebman 2005; Guil-Guerrero et al. 1997; Gupta et al. 2005; Uusiku et al. 2010) . However, the oxalic acid content of the plants gathered at Site 1, though subjected to wider variability, was always under 350 mg/100 g. Therefore, according our results, it seems that water-blinks collected at the highland streams have higher oxalic acid content than those from the lowlands.
Following Massey (2007) , there are at least three different biological causes of variation in oxalate (2), (250 9 4.60 mm), 5 lm column; mobile phase 1.8 mM H 2 SO 4 (pH = 2.6); detection = 215 nm; flow rate = 0.4 mL/min: OA oxalic acid, MA malic acid, AA ascorbic acid, CA citric acid content between different samples: the plant part, genetic differences between cultivars, and cultivation conditions. In our case, the reasons for the differences found may be due both to genetic differences between the two selected plant populations and to differences in the environmental conditions, such as soil and water characteristics, of the two sites. Some authors (Fontana et al. 2006; Palaniswamy et al. 2002) have found that the oxalic acid content of the edible parts of Portulaca oleracea (hydroponically cultivated) was related to total nitrogen concentration and the ratio nitrate/ammonium of the nutritive solution. Increasing the total nitrogen concentration and lowering the ratio nitrate/ammonium of the nutritive solution lowered oxalic acid production in the plant. Although an in depth study is needed, at least a part of the significant differences in oxalic acid content found in our study might be also due to differences in the nitrogen content of soil or water of the streams where they were collected. However, as stated by Massey (2007) , the differences in oxalate content of the final food due to grown conditions are usually quite modest compared to that due to the genetic differences.
Oxalate in plant tissues is presented as a combination of soluble oxalate sources such as sodium and potassium oxalate as well as insoluble oxalate salts such as calcium and magnesium oxalate (Chai and Liebman 2005) . Members of more than 215 plant families accumulate crystals of calcium oxalate within their tissues, which include many crop plants, accumulating oxalate in the range of 3-80% of dry weight (Nakata 2003) .
It is well known that the presence of oxalates in food plants can interfere with the absorption of calcium and contribute to the formation of oxalate kidney calculus, especially in certain individuals. However, according to Massey (2007) , the amount of oxalate absorbed from a food is influenced by three major factors: the amount and form of oxalate in the food consumed, the amount of calcium and magnesium in the oxalate-containing food and/or meal, and the presence or absence of oxalate-degrading bacteria in the gut. Following Naudé and Naidoo (2007) in all cases of oxalate toxicity, animals or humans have to be rather abruptly exposed to large quantities of oxalate-containing plants these often being the only, or largely, the plants eaten. In this way, although the occasional consumption of Montia fontana in habitual amounts (100 g or less), would not reach the toxic doses of 5 g (Concon 1988 ), people more susceptible of suffering of kidney pathologies should moderate its intake as well as other oxalic-rich plants. As far as we know, no intoxication case has been described for the consumption of this plant.
Other interesting nutritional parameters, such as fatty acids and tocopherols, as well as antioxidant activity of Montia fontana have been previously studied by members of our research group (Morales et al. 2011a and 2011b) . These studies reported a high percentage of polyunsaturated fatty acids (67%), standing out for its high content (almost 50%) in alinolenic acid (C18:3n3). This is a similar proportion than that reported for the close related species Portulaca oleracea, which has been considered by Simopoulos (2004) , as one of the richest source of omega-3 fatty acids among the leafy vegetables. Bearing in mind the higher lipid content of Montia fontana (1.94 g/100 g), this wild vegetable could be regarded as an even better source of this essential omega-3 fatty acid, with its known beneficial health effects (Simopoulos 2003 (Simopoulos , 2004 . The other aforementioned work (Morales et al. 2011a ) has reported that Montia fontana showed a high vitamin E activity (total tocopherols content of 8.03 mg/100 g dry weight), including a high a-tocopherol content (6.01 mg/100 g dry weight) as well as a good antioxidant activity compared with other wild vegetables.
Conclusions
As far as we know, this is the first report, both on natural production and nutritional composition, of Montia fontana, an interesting wild vegetable, widely appreciated and still consumed in many Spanish and Portuguese regions.
Quantitative data on water-blinks yield can be very useful in order to assess the availability and sustainability of this wild resource to local people in the regions where it grows. Our results showed that the harvest potential of the species strongly depends on the winter and spring rainfall. Likewise, production rates from wild populations are interesting to assess its agronomic potential. In our opinion, water-blinks could be cultivated in the same way as watercress, both in prepared beds fed by clean and running water or in a hydroponic system, and sold fresh in markets as other salad vegetables.
Regarding nutritional data, an important seasonal and environmental variability has been found, especially in mineral elements and available carbohydrates, which confirms the importance of studying samples collected in different moments and sites. Nevertheless, it can be concluded that Montia fontana is characterised by its high fibre, and manganese content, as well as the relatively high fat and vitamin C levels. It is also remarkable its high lipid content and therefore this wild vegetable could be regarded as one of the richest source of omega-3 fatty acids among the leafy vegetables. The presence of high oxalic acid levels would not be an inconvenient in the habitual amounts traditionally consumed, although people more susceptible of suffering of kidney pathologies should moderate the intake of this species.
The high nutritional quality and bioactive compounds found in this species can be some of the unconscious reasons that explain its traditional and present consumption. Its vitamin C content might have been crucial in the nutrition of populations dependent on local resources, since this vegetable is available in late winter and early spring, when there were no many food sources of this vitamin in the diet.
Taking into account all these features, Montia fontana can be considered an interesting wild resource for being included in the diet. More research is needed about its potential for being cultivated under different culture systems and for selecting cultivars with lower oxalate content.
